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(54) Ofef in copoSf mer having functional group, production process thereof and rubber 



(57) Disclosed herein are an olefin copolymer hav- 
ing a functional group, which comprises a structural unit 
(a) derived from ethylene, a structural unit (b) derived 
from an ct-olefin having 3 to 12 carbon atoms, and a 
structural unit (c) represented by the following general 
formula (1 ), and has an intrinsic viscosity [t|] of 0.1 to 1 0 
di/g as measured in decalin at 1 35"C. a production proc- 
ess thereof and a rubber composition containing the 
copolymer ; 

General formula (1) : 



(/ V) 



< 

s 



wherein X 1 and X 2 mean, independently of each other, 
a hydrogen atom, a hydrocarbon group or the toftowing 
specific functional group, at least one of X 1 and X 2 is the 
specific functiona! group, R 1 and R 2 denote, independ- 
ently of each other, a hydrogen atom or a hydrocarbon 
group having 1 to 10 carbon atoms, one of R 1 and R 2 , 
which is bonded to a cartoon atom to which the specific 
functional group is bonded, is the hydrocarbon group 
having 1 to 1 0 carbon atoms, and n stands for an integer 
of 0 to 2; 

Specific functional group: 

a functional group selected from the group con- 
sisting of a hydroxy! group, a hydrocarbon group to 
which a hydroxy! group is bonded, a carboxyi group, a 
hydrocarbon gr oup to which a carboxyi group is bonded, 
a primary or secondary amino group, a hydrocarbon 
group to which a primary or secondary amino group Is 
bonded, a quaternary ammonium sait of a primary or 
secondary amino group and a hydrocarbon group to 
which a primary or secondary amino group is bonded, 
an amide group having at least one active hydrogen at- 
om bonded to a nitrogen atom, a hydrocarbon group to 
which such ars amide group is bonded, and an imkte 
group composed of X 1 and X 2 and represented by -CO- 
NH-CO-. 
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a structural unit (b) derived from an a-oiefin having 3 to 12 carbon atoms, and 
a structural unit (c) represented by the following general formula (1), 

and has an intrinsic viscosity [t|] of 0.1 to 10 di/g as measured in deealin at 135°G; 

General formula (1): 

[0012] 




X R' R- *' 

wherein X 1 and X 2 mean, independently of each other, a hydrogen atom, a hydrocarbon group or the Mowing specific 
functional group, at least one of X 1 and X 2 is the specific functional group, B 1 and R 2 denote, independently of each 
25 other, a hydrogen atom or a hydrocarbon group having 1 to 1 0 carbon atoms, one of R 1 and R 2 which Is bonded to a 
carbon atom to which the specific functional group is bonded, is the hydrocarbon group having 1 to 10 carbon atoms, 
and rt stands for an integer of 0 to 2; 

Specific functional group: 

30 

[0Q131 a functional group seteeled from the group consisting of a hydroxy! group, a hydrocarbon group to which a 
hydroxy! group is bonded., acarboxyl group, a hydrocarbon group to which a earijoxyl group is bonded, a primary or 
secondary amino group, a hydrocarbon group to which a primary or secondary amino group is bonded, a quaternary 
arnrnerat. n sa!t of s f timary or secondary amino group and a hydrocarbon group to which a primary or secondary 
35 amino group is bonded, an amide group having at least one active hydrogen atom bonded to a nitrogen atom, a hy- 
drocarbon group to which such a amide group is bonded, and an imide group composed of X 1 and X 2 and represented 
by -CO-NH-CO-. 

£0014] According to the present invention, there is also provided an olefin copolymer having afunctional group, which 
comprises: 

40 

a structural unit (a) derived from ethylene, 

a structural sjoS {b} derived from an a-oSefin having 3 to 12 carbon atoms, 

a structural unit (c) represented by the above-descrfeed generai formula (1), and 

a structural unit (d) derived from a nonconjugated diene, 

and has an intrinsic viscosity M of G.1 to 1 0 dl/g as measured in deealin at 1 35"C. 

[08151 in aw olefin copolymers hewing the functional group according to the present invention, it may be preferable 
that proportion of the structural una (a) derived from ethylene be 5 to 90 mof%, the structural unit (b) derived from the 
es-efefirs having 3 to 12 carbon atoms be 5 to 60 moi%, the structurai unit (c) represented by the general formula (1) 
so be ©.01 to 30 moi%, and the structura* unit (d) derived from a nonconjugated diene be 0 to 1 2 moi%. 

[00181 In the olefin copolymers having the functional group according to the present invention, the structurai unit (c) 
represented by the genera! formula (1 ) may preferably be such that only one of X 1 and X s in the general formula (1) 
is the specific functional group, aad R 1 or R' ? , which is bonded to the caibon atom to which the specific functional group 
is bonded, is a hydrocarbon group having 1 or 2 cartoon atoms, and particularly that the other of X 1 and X 2 is a hydrogen 
smm, ana R 1 or R a , which is bonded to the carbon atom to which the hydrogen atom is bonded, is a hydrogen atom. 
[0017] in the olefin copolymers having the functional group according to the present invention, the glass transition 
temperature may preferably be -90 to SOX, rrn re preferably 70 to 10 a < - 

[0018] Accofdirig to the present invention, tlsere is further provided a process for producing an olefin copolymer 
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having a functional group, which comprises the steps of: 

reacting a functional group-containing cyeloolefin represented by the following general formula (2) with an orga- 
nometallic compound comprising a metal selected from metals of Groups 2, 12 and 13 of the periodic Sable, and 
polymerizing the resulting reaction product with ethylene, an a-o!efin having 3 to 12 carbon atoms and a noncon- 
jugated diene optionally used in the presence of a catalyst composed of a transition metal compound and an 
organoaluminum compound; 

General formuia (2): 



wherein X 1 and X 2 mean, independently of each other, a hydrogen atom, a hydrocarbon group or the following specific 
functional group, at least one of X 1 and X 2 is the specific functional group, R 1 and R 2 denote, independently of each 
other, a hydrogen atom or a hydrocarbon group having 1 to 1 0 carbon atoms, one of R 1 and R 2 , which is bonded to a 
carbon atom to which the specific tunctiona! group is bonded, is the hydrocarbon group having 1 to 10 carbon atoms, 
and n stands for an integer of 0 to 2; 

Specific functional group: 

[GG20] a functional group selected tram the group consisting of a hydroxys group, a hydrocarbon group to wnsch a 
hydroscyl group is bonded, a carboxyl group, a hydrocarbon group to which a carboxyl group is bonded, a primary or 
secondary amino group, a hydrocarbon group to which a primary or secondary amino group is bonded, a quaternary 
ammonium salt of a primary or secondary amino group and a hydrocarbon group to which a primary or secondary 
amino group is bonded, an amide group having at least one active hydrogen atom bonded to a nitrogen atom, a hy- 
drocarbon group to which such a amide group is bonded, and an imicte group composed of X 1 and X 2 and represented 
by -CO-NH-CO-. 

[0021] in the process for producing the olefin copolymer having the functional group according to the present inven- 
tion, the organometallic compound comprising the metal selected from metals of Groups 2, 12 and 13 of the periodic 
table may preferably be an organoaluminum compound. 

[0022] The organometallic compound comprising the metai selected from metals of Groups 2, 12 and 13 of the 
periodic table may preferably be used in a proportion of at least 0.8 equivalents per equivalent of the functional group 
in the functional group-containing cycloolefin represented by the general formula (2). 
[0023] According to the present invention, there is still further provided a rubber composition comprising: 

(A) the olefin copolymer having the functional group described above, and 

(B) a vulcanizing agent andfor a crosslinking agent 

[0024] The rubber composition according to the present invention may comprise (C) an oiefin copolymer having no 
functional group. 

[0025J Irs such a rufeber composition, (C) ttse ofef in copotymer having no functional group may preferably be a co- 
polymer comprising a structural unit: derived from ethylene and a structural unit derived from an a-olefin having 3 to 
i 2 carbon atoms, and/or a copoftfmer comprising a structural unit derived from ethylene, a structural unit derived from 
art a-otefirs having 3 to 12 caifeon atoms and a structural unit derived from a ttonconjugated diene. 
[082«| A ratio of (A) the olefin copolymer having the functional group described above to (C) the oiefin copolymer 
having no functional group may preferably be 1 :99 to 99:f in terms of a weight ratio. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0027] The embodiments of the present invention will hereinafter be described in detail. 

[0028] The olefin copolymer having the functional group (hereinafter also referred to as "the functional group-con- 
s taining olefin copolymer") according to the present invention comprises a structural unit (a) (hereinafter also referred 
to as "the structural unit (a)* merely) derived from ethylene, a structural unit (b) (hereinafter also referred to as "the 
structural unit (b)" merely) derived from an a-olefin (hereinafter also referred to as 'the specific a-olefin") having 3 to 
12 carbon atoms and a structural unit (c) (hereinafter also referred to as "the structural unit (c)" merely) represented 
by the above-described general formula (1 ), and optionally a structural unit (d) (hereinafter also referred to as "the 
io structural unit (d)" merely) derived from a nonconjugated diene. 

[0029] in the functional group-containing olefin copolymer according to the present invention, the structural unit (a) 
is preferably contained in a range of 5 to 90 mol%, more preferably 10 to 85 mol%, particularly preferably 15 to 80 
mol% based on the whole structural unit. 

[0030] When the proportion of the structural unit (a) contained is 5 moi% or higher, a functional group-containing 
is cycSoolefin represented by the general formula (2), which will be described subsequently, can be easily copolymerized 
therewith, and moreover the resulting copolymer tends to provide an elastomer having excellent durability. When the 
proportion of the structural unit (a) is 90 moi% or lower on the other hand, a copolymer exhibiting the behavior as an 
elastomer is provided with ease. 

[0031] The specific a-oiefin used for forming the structural unit (b) is an a-olefin having 3 to 12 carbon atoms, and 
20 specific examples thereof include propylene, 1 -butene, 1 -pentene, 4-methylperttene-l , 1 -hexene, 1 -heptene, 1 -octene, 
1-decene, 1-dodecene, styrene and p-methylstyrene. These compounds may be used either singly or in any combi- 
nation thereof. 

[0032] When the a-olefin having at most 12 carbon atoms is used, the copoiymerizability of such an os-olefin with 
other monomers is easy to become satisfactory. 
25 [0033] The structural unit (b) is preferably contained in a range of 5 to 60 moi%, more preferably 10 to 55 moi%, 
particularly preferably 15 to 50 mol% based on the whole structural unit. 

[0034] When the proportion of the structural unit (b) contained is 5 mol% or higher, the resulting copolymer tends to 
provide an elastomer having sufficient elasticity. When the proportion of the structural unit (b) is 60 moi% or lower on 
the other hand, an elastomer obtained from the resulting copolymer tends to have good durability. 
30 [0035] The structural unit (c) is a structural unit represented by the general formula (1) and formed by the functional 
group-containing cyclootefin (hereinafter also referred to as the specific functional group-containing cyctooisffn'') rep- 
resented toy the general formate (2). 

[0036] In the general formulae (1} and (2), groups X 1 and X 2 mean, independently of each other, a hydrogen atom, 
a hydrocarbon group or a specific functional group, and at least one of X 1 and X 2 is the specific functional group. 

ss {00371 The specific functional group is a functional group selected from the group consisting of a hydroxy'! group, a 
hydrocarbon group to which a hydroxy! group is bonded, a carboxyi group, a hydrocarbon group to which a carboxyt 
group is bonded, a primary amino group and a secondary amino group, a hydrocarbon group to which a primary or 
secondary amino group is bonded, a quaternary ammonium salt of a primary or secondary amino group or of a hydro- 
carbon group to which a primary or secondary amino group is bonded, an amide group having at least one active 

40 hydrogen atom bonded to a nitrogen atom, a hydrocarbon group to which such an amide group is bonded, and an 
imide group composed of X 1 and X 2 and represented by -CO- NH-GO-. in the hydrocarbon groups to which the hydroxy? 
group is bonded, the hydrocarbon groups to which the carboxyi group is bonded, and the hydrocarbon groups to which 
the amino group is bonded, or the Quaternary ammonium safts thereof, the number of carbon atoms is preferably 1 to 
5, excluding those of substftuent groups thereof. 

*s [00381 R 1 and R 2 denote, independently of each other, a hydrogen atom or a hydrocarbon group having 1 to 10 
carbon atoms, and one of R 1 and R 2 , which is bonded to a carbon atom io which the specific functional group is bonded, 
is the hydrocarbon group having 1 to 10 carbon atoms. 

[0038] The value of the number n of repeated structural units is an integer of 0 to 2. 

[0*40] The structural una (c) is preferably such that only one of groups X 1 arid X 2 in the general formula (1) is She 
so specific functional group, and the group R 1 or R 2 which is bonded to the carbon atom to which the specific functional 
group is bonded, is a hydrocarbon group having 1 or 2 carbon atoms, in that the decomposition of the resulting copol- 
ymer is hard to occur, and an eiastomer having excellent durability is provided, in particular, the structural unit {c) is 
preferably such that that the other of the groups X» and X s is a hydrogen atom, and the group R 1 or R 2 which is bonded 
to the carbon atom to which the hydrogen atom is bonded, is a hydrogen atom. 
55 [0041 ] The specific functionai group is preferably -COOH (carboxyi group), -NH 2 (amino group), -NHCH 3 (aminome- 
thyi group) , -CONBj or -CONf^i l (in which R 3 means an alkyi group). Of these groups, -COOH (carboxyi group), 
-CONH 2 or -CONR^H is more preferred . 

[0042] If the number of repeated structural units n in the general formula (2) is 3 or more, it is difficult to copoiymerize 
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such a functional group -containing cyciootefin with other monomers. 

[0043] The specific functional group-contain., g looi< fin us 3d k forming the structural unit (c) is prepared by 
condensing cyeiop&ntadien8 with a functionai group-containing olefin by the Diais-Alder reaction and optionally sub- 
jecting the reaction product to a bydrofytic reaction. 

[0044] Specific examples of such a specific functional group-containing cycloolefin include. 



5,6-dimethyl-5,8-dihydroxy-blcycio[2.2.1j-2-hepten8, 
5,6-dhiethyi-5,6-dicarboxy-bicydo[2.2. 1 j-2-heptene, 
5,6 diethyl-5,6-d!carboxy-bicydo [2.2.1,^-2-hepSene, 
5,8-dim8!byl-5,8-bis (carboxymethyl) -bicyc!o-[25. it-2-tieptene, 
5,6-diethyi-5,8-bte{carboxyniethyl}-bicycio-[2.2.13-2-h8ptene, 
5,8-dirri8!hyl-5,8-bis{bydfoxyf!iethyS)-bicycio-[2.2.1)-2-h£sptene. 
5,8-diethyi-5,6-bfe(hydroxyrnetr!y !}-bteycfo -[2.2. 1 ]- 2-heptene, 
5,6-dimett!yi-5,6-bis(arf jinomethyl) -bteyciof.2.2.1 j-2-hsptene, 
5,6-dietbyi 5,6-bis {aminomethyi) -bicydo [2.2.1 j-2-hepterie, 
5,6-dimethyS-5,8-bis (aminopropyf) -bicydo [2.2.1|-2-hep(ene, 
5,S-dim8thyi - 5,8 bis{aminocarbonyi)- bicycio-{2.2. 1 ] 2- heptene, 

5.8- dimemyl -5,6-bis(N-wetby^amrio«}rbooyi)-bicycto [2.2 13-2-heptene, 

5.5- dimethyi-S^-bis {N-propyl-aminocarbonyi)-bScyclot2.2.i ]-2-heptene, 

5.6- dieit)yi-5,6-bis(aff)inocarbonyi}-bicycio-[2^:.1j-2-r!eptefje > 

5 5 ? S-diethyh5,6-bis<N-ol}iyi-^inocafb<wyi)-bicycto [2.2.1}-2-heptene, 
5,8dim8ihyi-bicyelo [2 2.1]-2-heptene-5,8-dicarboi<yli£: acid imide, 
S-methyi-5-hydroxy-bicyclo[2^.1]-2-bepterie, 
5-meihyl-5-carboxy-bicycio;2.2. 1 j-2-hepisne, 
5-ethy^5-carboxy bicydo [2.2.1 l-2-heptene, 
S-msthyl-S-nydroxymethyt-bicydc [2.2.1 }-2 hepterte, 
B-ethyl-S-hydroxymethyi-bicycio [2.2.1 K-heptena. 
5-rf»thyl^H^o>ryn^byi-b(cycJo [2,2.1]-2-heptene, 
5-ethyt-6HMrbt)xyrr)(jtriy! bicycio [2 2. 1 1-2-hapfcne, 
S-niBthyi-ivafninomsJhyi-bicycio [2.2.1 ]-2-heptefie, 
S-etrtyf^aminomsihyi-bicydo [2.2.1 ]-2-heptene, 
5-methy!-5-ar>inopropyi-bicyclo [2.2. 1 j-2-neptene, 
S-methyi-5-arnfriocarbonyi-fcicycio [2.2.1 |-2-heptene, 
5-methyi^NHT^hyl^^ 

5-methyi«N-pfopyl-aminocafbonyi-bkyciol2.2.1j-2-heptef», 
5-etrryf-5-arninocarbonyt-btcyc)o[2.2. 1 }-2 heptane, 
5-ethyi-5-N-ethy!-am!n<xart>ony»-bfcycio {2.2.1} -2-heptene, 
a^-dinjethyi-B.S-dk^boxy-tetfao^do^^.O.I^.I^Wj-a-dodecene, 

8.9- dietbyi 8,9-dfcramoxy-tetracydc44.4.0.1^ 

S^-dimetrsyi-S.S bis (hydroxymethy!) -tetracyclo-[4.4.0.1 2 ^.1 7 W ] -3-dodecene, 
8,^dtethyi-8,9-bss (fiydroxyrrtethy!>-tetracyclo-{4.4.0, 1 2 -*.1 /10 j 3-dodecene, 
S,9-dimethyi-8,9-b!S (aminomethyi) -t©£racyclo-[4 4.0,l2.s.l7-'»|-3-dodecene, 
B.S-dtethy^S.S-bis (aminomethyi) -tetracyc!o-[4.4.0.i 2s .1 T - 1ft 5-3-d£>decene, 
8,9-cSm8ihy*-8,8-bfs (aminocarbonyi) -t8tr8cyckK4.4.0.1^ s .1 7 - 10 } -3-dodecene, 
8,3-dimethyi-B,9-bis (^methy!-amifiocarboriyi)-tetracycio [4,4.G.1 2 - 5 .1 710 ] -3-dodecene, 
8,9-diethyf-8,S-bis(arr»rwcarbonyi)-t8tracycio-[4.4.0. 1**. 1 7 - 10 |-3-dodecene, 
8,9-dfethyl-8,8-bis (N -ethySamsrtocarbony f>-tetracy do [4.4.0.1 S! - 5 .1 7 -' ,o l-3 dodecene, 
e-rnethyi-8-carboxy-tetracyclo[4.4.0.1 2 - 5 .t 7 - 1ff i-3-dodecene, 
S-ethyi-a-carbexyteirac^-fo [4.4.0. 2 - s .1 7to ]-3-<todecefSj l 
8- rnethyi-B- ftydr»iyr?ier*yi-te!racycte-{4.4.Q. 1 1 7 - 10 }-3 dodecene, 
ft-ethyS-B-hydroxymsthyS tetr8cyck>-[44.0.1^.1 7 - 18 >3-dodecene, 

5- ^T^hyl-B-aminometJ^i-tetrae^ 

8-elhyi -& -amfoomethyj -tefracycto [4.4.0.1 2 Al 7 . 10 }-3-do<teceRe, 

6- meihyi-8-8ni!noc«rbonyi-l:siracycio-[4.4.Q.1 2 - 5 .1 7 > ,s ] -3-dodecene, 
8-methyl-8-H-mef^yi-^nSnocaAonyS-1etracycio44.4.0.1 2 ^.1 7 ' 10 3 -3-dodecene, 
8-e!hyi-&-arfiifio«3rbonyf tetracycto-[4.4.0.1 2 - 5 .1 7 > t0 | -3-dodscene, and 
&-etrryi-8-N-ethyr-arrdn^ -3-dodecene. 
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[0045] The structural unit (c) is preferably contained in a range of 0,01 to 30 moi%, more preferably 0,05 to 10 moi%, 
particularly preferably 0.1 to 5 moi% based on the whole structural unit. 

[0046] When the proportion of the structural unit (c) contained is 0.01 moi% or higher, an eiastomer obtained from 
the resulting copolymer tends to have good adhesion to and compatibility with meiais, and other elastomers and resins 
than poiyoiefin. When the proportion of the structural unit (c) is 30mol% orioweron the other hand, theccpolyrnerlzafion 
of the specific functions! group-containing cydootef in with other monomers is successfully conducted, and the resulting 
copoiymer tends to have rubber elasticity as an eiastomer. i n addition , as the result that the amount of a polymerization 
catalyst used may become iess, a high-molecuiar weight copoiymer is easy to be provided. 

[0847] The structural unit (d) is a structural unit derived from a nonconjugated diene and contained in the copoiymer 
as needed, 

[0048] As specific examples of the nonconjugated diene used for forming the structural unit (d), may be mentioned: 
linear acyclic dienes such as 1 ,4-bexadiene, 1 ,8-ocfadierte and 1 ,5-hexadiene, 

branched-chain acyclic dienes such as 5-meihyl1 ,4-hexadiene, 3,7-dimethyi-l ,6-octadiene, 5,7-dimethyi1 ,6-octa- 
diene, 3,7-dsmethy!-1 ,7-octadiene, 7-methyM ,8octadiene and dihydromyrcene, and 

alicyclic dienes such as tetrahydroindene, methyftetrahydroindene, dicyclopenladiene, bicyelo[2,2.1]hepr-2,5-di- 
ene, 5-methylene-2-norbom8ne, 5-ethylidene2-norbornene l 5-prope(iyl-2-norbomene, S-isopropylidenea-nor- 
bornene, 5-cyc!ohexylidene-2-norbomene and 5vinyl-2-norbomene. Those compounds may be used either singly 
or in any combination thereof. 

[0Q49] Of the above-mentioned nonconjugated dienes, are preferred 1 ,4-hexadiene, 5-methylene-2-norbomene and 
Sethyiidene-2-norbomene. 

[0050] The structural unit (d) is preferably contained in a range of 0 to 12 mol%, more preferably 0 to 8 mol%, 
particularly preferably 0 to 5 mol% based on the whole structural unit. When the proportion of the structural unit (d) 
contained is 1 2 mor% or lower, an elastomer obtained from the resulting copolymer tends to have good durability. 
[0051] The functional group-containing olefin copolymers according to the present invention have an intrinsic vis- 
cosity [rt] ranging from 0,1 to 10 df/g, preferably from 0.1 to 7 dl/g, particularly preferably from 0.1 to b di/g as measured 
in decalin at VJ&'C. 

[0052] When the intrinsic viscosity [ts] is 0.1 d!/g or higher, such a copolymer tends to provide an elastomer having 
rubber elasticity by vulcanizing or crosslinking it. When the intrinsic viscosity faj is 1 0 dl/g or Sower, such a copolymer 
tends to have good molding and processing abt%. 

[0053] The functional group-containing olefin copolymers according to ihe present invention preferably have an 
weight average molecular weight Mw of 1 ,000 to 3,000,000, more preferably 3,000 to 1 ,000,000, particularly preferably 
3,00010 700,000 in terms of polystyrene as measured at 135*0 by gel permeation chromatography making use of o- 
dicnlorobenzene as a sofvent, and have a number average molecular weight Mn of 500 to 1 ,000,000, more preferably 
1 ,000 to 500,000, particularly preferably 2,000 to 300,000 in terms of polystyrene. 

[0054] In the functional group-containing olefin copolymers according to the present invention, the glass transition 
temperature is preferably -90 to 50*0, more preferably -70 to 1 0®C. Such a copolymer can provide an elastomer having 
sufficient elasticity. 

£0855] The gtass transition temperature of me functional group-containing olefin copolymer can be measured by 
means of a differential scanning calorimeter (DSC). 

[0056] According to the functional group-containing olefin copolymers according to the present invention, the struc- 
tural unit (c) has the specific functional group (X 1 and/or X 2 ), and so elastomers having high adhesion to metals, high 
adhesion and compatibility wi!h other elastomers and resins than polyolefins and excellent coaling property and port- 
ability are provided. 

[0057] Since no hydrogen atom is bonded to the carbon atom to which the specific functional group (X 1 and/or X 2 ) 
Is bonded in the structural unit (c), and so no tertiary hydrogen atom being apt to separate from toe bonded cssrbon 
atom to produce a radical is present, scission of a molecular chain, oxidation and separation of a substiiuenf group 
containing the functional group due to the formation of the radical are prevented. As a result, no or little deterioration 
is caused, and excellent durability is achieved. 

[00581 Further, since an ailphafc hydrocarbon group is bonded to the carbon atom to which the specific functional 
group (X 1 and/or X 2 ) is bonded in the structural unit (c), the specific functional group-containing cyctoolefin used as a 
monomer gives off no or litlie odor even when the specific furtctionai group is a carboxyl group. Therefore, the resulting 
copoiymer gives off no or little odor. 

[0059] Since the functional group-containing olefin copolymers according to the present invention have such prop- 
erties as deserved above, they can provide elastomers suitable for use as materials for automotive parts, mechanical 
parts, construction materials, etc. 

[0060] Since the functional group-containing olefin copolymers according to the present invention have high com- 
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patibliity with other polymers, elastomers having good cc-< o lir ig sHity can be provided when they are mixed with 
other elastomer materials, for example, rsitriie rubber, chloroprene rubber, chlorinated polyethylene rubber, halogenated 
butyl rubber, acrylic rubber, etbylene-acrylie copolymer rubber, hydrogenated nltriie rubber, etc, to conduct crosslinking. 
[0Q61] 3n addition, the functional group-containing olefin copolymers according to the present invention can be used 
as modifiers for polypropylene, polyethylene, hydrogenated styrene/butadiene random copolymers, hydrogenated sty- 
rene/butadiene block copolymers, hydrogenated siyrene/isoprene block copolymers, etc. Such materials are suitable 
for use as automotive exterior or interior materials such as various films, bumpers, instrument panels and door trims. 
[0082] According to the functional group-containing olefin copolymers according to the present invention, their graft 
copolymers with polyester such as polybutylene terephthalate. polyethylene terephthalate; poiyamsde and poiy- 
urethane can be obtained by using the functional group in the structural unit (c) as a starting point, whereby resins 
improved in impact resistance, thermoplastic elastomer having high heat resistance, etc. can be provided. 
[0Q63] Such functional group-containing olefin copolymers can be produced in the following manner. 
[0064] The specific functional group-containing cycloolefin is first reacted with an organometaliic compound (here- 
inafter referred to as "the specific organometallic compound") comprising a metal selected from metals of Groups 2, 
12 and 13 of the periodic table, whereby the functional group (group X 1 and/or group X 2 ) in the specific functional 
group-containing cycloolefin Is subjected to a masking treatment. 

[0065] Specific examples of the specific organometallic compound used in the masking treatment include diethylzinc, 
dibuiyimagnesium, ethyimagnesiurn chloride, butylmagnesium chloride, trirrtethylaluminum, triethylaiuminum, tri- 
isobutylaluminum, trihexylaluminum, diisobutylaluminum hydride, diethylaluminum hydride, ethyialuminum dihydride, 
diethyialuminum ethoxide, ethyialuminum diethoxide, dibutylaluminurn ethoxide, dibutylaluminum butoxide, diisobuty- 
laluminum dibuioxide, diisobutylaluminum isopropoxide, diisobutylaluminum 2ethylhexyloxide, isobutyialuminum bu- 
toxide, isobutyialuminum 2-ethylhexyloxide, diethylaluminum chloride, ethyialuminum dichloride, diethyiaiuminum bro- 
mide, ethyialuminum sesquichloride, and methylalumoxane, ethyialumoxane and butyialumoxane obtained by the re- 
action of water or copper sulfate hydrate with a trislkyialuminum. 

[0066] Of these, the orgarsoaluminum compounds are preferred. Examples of particularly preferred organoaluminum 
compounds include trimethylaluminurrt, iriethyialuminum, triisoburyialuminum, diisobutylaluminum hydride, diethyiaiu- 
minum chloride and ethyialuminum sesquichloride, 

[0067] The masking treatment, i.e., the reaction of the specific tu nctional group-containing cycloolefin with the specific 
organometallic compound is preferably conducted in the presence of an inert solvent or diluent under an atmosphere 
of an inert gas such as nitrogen gas, argon gas or helium gas. 

[8068] As the inert solvent or diluent, may be used aliphatic hydrocarbons such as butane, pentane, hexane, heptane 
and octane, cyclic hydrocarbons such as cyciopenfane, cyclohexane and methylcyclopentane, and aromatic com- 
pounds and halogenated hydrocarbons such as benzene, toluene, xylene, chlorobenzene, dichloroethane and dichlo- 
romethane. 

[0069] The specific organometallic compound is preferably used in a proportion of at least 0.8 equivalents, more 
preferably 0.9 to 1 .5 equivalents per equivalent of the functional group in the specific functional group-containing cy- 
cloolefin. if this proportion is too low, a great amount of the functional group remains unmasked, and so the catalytic 
activity in a polymerization treatment, which will be described subsequently, may be lowered in some cases, and the 
polymerization reaction may not proceed sufficiently. 

[0070] The conditions for the reaction of She specific functional group-containing cycloolefin with the specific orga- 
nometallic compound vary according to the kinds of the specific organometallic compound and specific functional 
group-containing cycloolefin used. However, the reaction time is generally 2 minutes to 1 0 hours, preferably 1 0 minutes 
to 2 hours, and the reaction temperature is generally -1 0 to 80*C, preferably 10 to 40*C. 

[0071] The specific functional group-containing cycloolefin subjected to the masking treatment in such a manner is 
preferably stored at a temperature of 30»C or lower until it is subjected to a polymerization treatment. The occurrence 
of side reactions during the storing can be prevented thereby. 

[0072] When an unreacted metal-carbon bond is present in the masked compound, a compound having a branched 
structure, for example, an alcohol such as isopropanol, sec-butanol, tert-butano! or 2-ethylhexanol, or a phenol such 
as 2,6-di-tert-butyicresoS, 2,8-di-tert-butyiphenol, 2,6-dimethyfcresol or 2,6-dimethylphenol, may also be added. 
[0073] I rs the production process according to the present invention, I he specific functional group-containing eycioole- 
fin subjected to the masking treatment, ethylene, the specif ic a-oief in and a nonconjugated diene optionally used are 
subjected to a polymerization treatment. 

[0074] In the polymerization treatment of these monomers, a catalyst composed of a transition metal compound, 
preferably a compound of a metal selected from metals of Groups 4 and 5 of the periodic table, and an organoaluminum 
compound is used. 

[0075] As the catalyst, a catalyst capable of providing a copolymer, in which the respective structural units are ar- 
ranged at comparatively random manner in the copdymerization of ethylene a-olefin and non-conjugated diene is 
preferably used. Specific examples of the catalyst system include the following systems. 
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(1 ) A catalyst system composed of a hydrocarbon compound-soluble vanadium compound and an organoaiuTiinum 
compound, in which at teast one chlorine atom Is contained in any one of the vanadium compound and the orga- 
noaiuminum compound, or both compounds. 

In this catalyst system, as the vanadium compound, may be used a compound represented by the foiiowing 
general formula (3), VC! 4 , VO (acac) 2 , V{acac)g (in which "acac" means an acetylacetonato group), or a compound 
represented by the following genera! formula (4). 



General formula (3): 

o-vcyoR 4 )^ 

wherein R 4 means a hydrocarbon group such as an ethyl, propyl, buty! or hexyt group, and k denotes an integer 
of 0 to 3. 



General formula (4) : 
VCi 3 • mZ 



wherein 7. means a Lewis base forming a complex soluble in hydrocarbon compounds, such as tetrahydroforan, 
2 -methyt-tetrahydrofuran, 2 rrtemoxyrne»iy! te}rahy«jrofurar! or dimelhylpyrfdine, and m denotes an integer of 2 or 
3. 

As the organoaiuminum compound, may be used a triafkylaiumtrium compound represented by the following 
genera! formula (5), an alkylaiuminum hydride represented by the following general formula (8) or (7), an alkyla- 
SufrMtfum chloride represented by She following general formula (8>, (9) or (10), an aifcoxy- orphe«e»ry-si;bs!isuied 
orgonoaluminurn compound represented by the following general formula (11 ) or (12), or melhylaiumoxane {MACS}, 
ethyislijrnoxane or btilySalumoxane obtained by the reaction of water with the above described •riaikylaiumintim 
compound. 



Genera! formula (5): 
AIR 5 3 



General formula (6): 

hair| 



General formula (7): 
H 2 A!R 5 



General formula (8): 
R 5 AiCi 2 



Genera! formuia (9): 
R^A! 2 a 3 



Genera! formula (10): 
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r|a!C! 



Genera! formula (11): 
RgAI (OR S ) 



Genera! formula (12): 
R 5 AI (OR 6 ) 2 

In the genera! formulae (5) to (12), R s means a hydrocarbon group such as a methyl, ethyl, propyl, fauiyi or 
hexyi group, and R* denotes a methyl, ethyl, butyl, phenyl, tolyixyfyi, 2,8-di-tert-buSyipher.yl, 4-methyi-2,8-o1-tert- 
biilyiphenyl, 2.6-dsrfietfiylphenyl or 4-methyl-2,S-difnethylphenyl group. 

in this catalyst system, an oxygen- or nitrogen-containing electron donor such as an ester o? an organic acid 
or inorganic acid, ether, amine, ketone or alkoxysilane may be additionally added 10 the vanadium compound and 
organoalumsnum compound. 

(2) A eataiyst system composed of a titanium haiide or zirconium haiide carried on silica or magnesium chloride, 
and an organoatoinum corrs>ound. 

in this catalyst system, as the titanium haiide or zirconium haiide, may be used titanium tetrachloride, titanium 
ietrabromide, zirconium tetrachloride or the like. 

As the organoalurnmum compound, may be used trimethylaluminum, triethylaluminum, triisobutylaluminum, 
fnethyiafumoxane or the like. 

if! this catalyst system, dioctyl phthalate, tetraaikoxysilane. diphenyldimethoxysiiane or the tike may be ad* 
tionatly added to the above-described compounds. 

(3) A catalyst system composed of a transition metal compound comprising a meta! selected from titanium, zirec 
rsium and hafnium, which has one or two cyciopenfadieny! or indenyl groups each having a substriuent selected 
from hydrogen, aikyt groups and airy! group, and an orpancaluminum compound containing at least 50 mcf% of 
methylalumoxane. 

Specific examples of the transition metai compound include bis (cyciopentadienyl) dimethyizirconium, bis- 
(cyclopentadienyi)diethyizirconium, bis(cyclopentadienyi)methyizirconium monochioride, ethylenebis-(cyclopen- 
tadieny!) zirconium dichioride, eJhylenebis-(cyclopentadienyi)methyizircoriium monochioride, methyienebis (cy- 
ciopentadienyl) zirconium dichioride, ethyienebis (indeny!) zirconium dichioride, ethyienebis-(indenyi)dimethy!zir- 
conium, ethyl en ebis(indeny!)-dipheny!zirconium, ethyienebis (4,5,6,7-tetrahydro-1 -indenyl)dimethylzirconium, 
ethyienebis (4-methyl-1 -inderryl)zirconium dichioride, ethylenebis(2.3-dimethyi-1 - indeny!)zirconium dichioride, 
dimethylsirylbis-(cyclopentadieny!)zirconium dichioride, dimethyisilyibis (indenyl) zirconium dichioride, dimethyls - 
i!ylbis-(d!methylcyciopentadienyi)2irconium dichioride, dimethylmethy! (fiuorenyl) (cyciopentadienyl) zirconium 
dichioride, dtphenylmethyl (fluoreny!) (cyciopentadienyi)-zireonium dichioride, diphenyisiiylbis (indenyl) zirconium 
dichioride, dimethy!si!ylbis(2-metnyi-4-phenyiindeny!)-zirconium dichioride, bis(cyclopentadienyi)dimethy!-titani- 
um, bis (cydopentadienyl)methyttitanium monochioride, ethyienebis (indenyl) titanium dichioride, ethyienebis 
(4,5,6.7-tetrahydro-1 -indenyl) titanium dichioride. methyienebis (cyciopentadienyi) titanium dichioride, t^MI 
(tert-butyl-amido) rfn^hyteiV!l-(2,3,4,5-tetranwtrry^1-<^)opentadienyr)}titanium dichioride and bis (1,1,1-trff- 
iuoro-3-phenyl-2,4-butadionato) titanium dichioride. 

(4) A metallocene catalyst system composed of dichioride of a bisalkyl-substituted or N-afkyl-substituted salteyfa- 
idoimine and titanium, zirconium or hafnium, and methylalumoxane (MAO). 

[0076] The polymerization treatment of the monomers is preferably conducted in the presence of a proper solvent 
or diluent. As such a soivent or diluent, may be used, for example, an aliphatic hydrocarbon, alicyciic hydrocarbon, 
aromatic hydrocarbon or haiide thereof. Specific examples thereof include butane, pentane, hexane, heptane, 
2-butene, 2-methyi-2-butene , cyctopentane, methylcyclopentane, cyciohexane, isooctane, benzene, toluene, xyiene, 
chlorobenzene, dichloromethane and dichloroethane. These solvents or diluents may preferably be used in a state 
that the water content has been towered to 20 ppm or tower by a distilling treatment or adsorbing treatment. 
[0077] The polymerization reaction is preferably conducted at a temperature of 0 to 1 50"C, particularly 1 0 to 1 0O'C. 
[0078] In the polymerization reaction, a molecular weight modifier may be used as needed. Specific examples thereof 
include hydrogen, diethytzinc and diisobutylaiuminum hydride. 

[0073] A reactor used for conducting the polymerization reaction may be any of the batch type and the continuous 
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type. As the continuous type reactor, may be used a rube type reactor, tower type reactor or vessel type reactor. 
[0080] In the present invention, the polymerization treatment of the monomers is concluded in the above-described 
manner, and the resultant copolymer is then subjected to a demasking treatment, whereby the intended functional 
group-containing olefin copolymer is obtained. 

[G081 ] When a compound , in which the specif ic f ursetionai group (group X 1 and/or group X 2 ) is a hydroxy! or earboxy! 
group, is used as the specific functional group-containing cyclooiefin, the demasking treatment is conducted by using 
an acid having a comparatively high acidity, such as formic acid, oxalic acid, fumaric acid, lactic acid, diociyimono- 
phosphoric add, trifiuoroacetic acid, dodeeylbenzenesuifonic acid, nonylphenoxypoiyerhyiene glycol monophosphate, 
nonyiphenoxypolyethylene gfycoi diphosphate, lauroxypofyethyiene glycol monophosphate or lauroxypoiyethyiene gly- 
col diphosphate. 

[0032] When a compound, in which the specific functional group (group X 1 and/or group X 2 ) is an amino or amide 
group, is used as the specific functional group-containing cyclooiefin on the other hand, the demasking treatment is 
conducted by using an alcoholate having a strong basicity, such as an ateoholate of tert-butanol with lithium, sodium 
or potassium, an alcoholate of amy! alcohol with lithium, sodium or potassium, the lithium, sodium or potassium salt 
of octanoic acid, or the lithium or potassium saft of nonylphenol, phenol or an alkali metal salt of an organic carboxylic 
acid. 

[0083] in the production process according to the present invention, a treatment for removing remaining demasking 
agent, polymerization catalyst and the like is preferably conducted by passing the thus-obtained polymer solution con- 
taining the functional group-containing olefin copolymer through an adsorption column in which silica, alumina, dia- 
iomaceous earth has been packed, or adding a great amount of water, alcohol or the like to the polymer solution to 
wash it. 

[0084] A publicly known phenolic, phosphorus-containing or sulfur-containing antioxidant may be added to the pol- 
ymer solution with a view toward Improving the stability of the functional group-containing olefin copolymer 
[0085] Steam is blown into the polymer solution, thereby conducting a removal treatment of the solvent, and solids 
are then separated from the resuiting slurry and dehydrated and dried by means of a screw type squeezer, extruder, 
heated roli or the like, thereby obtaining the functional group-containing ptefin copolymer as a soiid. Aitemativety, the 
polymer solution is heated to concentrate it, and the concentrate is dried by means of a vented extruder, thereby 
obtaining the functional group-containing olefin copolymer as a solid. 

[0086] According to the process described above, the functional group in the specific functional group-containing 
cyclooiefin is subjected to the masking treatment with the specific organornetallic compound. Therefore, masking of 
such a functional group is assured, and consequently the activity of the catafyst is prevented from being lowered in 
the polymerization reaction, and no obstruction to the polymerization reaction is offered. As a result, the intended 
functional group-containing olefin copolymer can be exactly produced. 

[0087] The rubber composition according to the present invention comprises a component (A) composed of the 
functional group-containing olefin copolymer as described above, and a component (B) composed of a vulcanizing 
agent and/or a crosslinking agent and further contains a component (C) composed of an olefin copolymer having no 
functional group as needed. 

[0088] No particular limitation is imposed on the vulcanizing agent as the component (B) used in the rubber compo- 
sition according to the present invention, and specific examples thereof include sulfur such as sulfur powder, precipi- 
tated sulfur, colloidal sulfur and insoluble sulfur; inorganic vulcanizing agents such as sulfur chloride, selenium and 
tellurium; and su (fur-containing organic compounds such as morpholine disulfide, alkylphenol disulfides, thiuram di- 
sulfides and diihiocarbarnates. These vulcanizing agents may be used either singly or in any combination thereof. 
[0089] The proportion of the vulcanizing agent used is generally 0.1 to 1 0 parts by weight, preferably 0.5 to 5 parts 
by weight per 1 00 parts by weight of the component (A). 

[0090] in the rubber composition according to the present invention, a vulcanization accelerator may be used in 
combination with the vulcanizing agent. 

[0091] Specific examples of such a vuteanization accelerator include aldehyde ammonia type vulcanization accel- 
erators such as hexamethyfenetetramine; guanidine type vulcanization accelerators such as diphenylguanidine, di-(o- 
toiyl)guanidine and o-toiyibiguanidine; thiourea type vulcanization accelerators such as thiocarboaniiide, di-(o-toiyi) 
thiourea, N,N'-diethyl-thiourea, tetramethylthiourea, trimethylthiourea and dilaurytthiourea; thiazole type vulcanization 
accelerators such as mercaptobenzothiazole, dibenzothiazy! disulfide, 2-(4-morphoiinothio)benzothiazoie, 2-(2,4-din- 
itrophenyl) mercaptobenzothiazole and (N,N'-diethyfthiocaroamoylthto)benzothiazole; suifenamide type vulcanization 
accelerators such as N-t-butyi-2-benzothiazyl suifenamide, N.N'-dScyciohexyl-g-benzothiazyl suffenamide, N,N'-diise- 
propyl-2-benzothiazyl suifenamide and N-cyclohexy!-2-benzothiazyf suifenamide; thiuram type vulcanization acceler- 
ators such as tetramethyfthiuram disulfide, tetraethylthiuram disulfide, tetra-n-butyithiuram disulfide, tetramethyl- 
thiuram monosulfide and dipentamethylenethiuram tetrasulfide; carbamate type vulcanization accelerators such as 
zinc dimelhyfthiccarbamate, zinc diethylthiocarbamate, zinc di-n-butyfthiocarbamate, zinc ethylphenyithlocarbamate, 
sodium dimethyidithiocarbamate, copper dimethyldithiocarbamate, tellurium dimethylthiocarbamate and iron dimeth- 
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oil and paraffin oil commonly used as compounding additives for rubber, vegetable oils such as coconut oil, and synthetic 
oils such as alkybenzene oil. Of these, the process oils are preferred, with paraffin oil being particularly preferred. 
These softening agents may be used either singly or in any combination thereof 

[01111 The proportion of the softening agent used is generally 10 to 130 parts by weight, preferably 20 to 100 parts 

s by weight per 1 00 parts by weight of the component (A) 

[0112] Since the rubber compositions according to the present invention contain the functional group-containing 
olefin copolymer as the component (A), they permit providing elastomers which are high in adhesion to and compatibility 
with other materials, coating property and printability and excellent In durability, mechanical properties and abrasion 
resistance, and give off no or little odor. 

10 [Q113] The present invention will hereinafter be described specifically by the following examples. However, the 
present invention is not limited by these examples. 

<Examp!e 1> 

is [Q114] A 2-L separable flask purged with nitrogen was charged with 980 mL of hexane and 5 mL of a Q.5 mol/L 
hexane solution (containing 2.5 mrnoi of 5-methyt-5-carboxy-bieydo [2.2.1]-2-heplen.e) of 5-methyl~5-carbaxy-bicyc!o 
[2.2.1 ]-2-heptene. While stirring the resultant mixture, 2.5 mmol of AI 2 (G 2 H 5 ) 3 Cl3 were then added to conduct a reaction, 
thereby masking the carboxyl group in 5-methy!-5-carboxy-bicyclo[2.2.1]-2-heptene. 

[01 1 5] While continuously feeding a gaseous mixture of ethylene (feed rate: 5 L/min)/propylene {feed rate: 5 L/min) 
20 /hydrogen (feed rate: 0.5 L/min) to the resultant solution, 1 .85 mL (containing 1 .5 mmol of Al^C^^Cy of a hexane 
solution containing AI 2 (C 2 H 5 ) 3 CI 3 at a concentration of 0.81 mol/L were then added as a catalyst, and 1 .5 mL (containing 
0.15 mmol of VG!^ of a hexane solution containing VCI 4 at a concentration of 0.10 mol/L were added to conduct a 
copoiymerizarjon reaction of ethylene, propylene and 5-methy i-5-carboxy-bicyclo[2.2.1 ]-2-heptene at 20*C for 20 min- 
utes. 

25 [0116] A methanol solution containing 40 mmol of oxalic add was added to the resultant polymer solution, and the 
mixture was stirred for 10 minutes, thereby conducting a damasking treatment. 

[0117] After 1 L of water was then added to the polymer solution, and the mixture was stirred for 10 minutes, only 
the polymer solution (organic layer) was recovered. The polymer solution was washed 3 times with 1 L of water, thereby 
conducting a removal treatment of remaining oxalic acid and the like. Thereafter, steam was blown into the polymer 

30 solution, thereby conducting a removal treatment of the solvent, and solids were then separated from the resultant 
slurry and dried by means of a heated roil, thereby obtaining 1 6.5 g of a functional group-containing olefin copolymer 
as a solid. No odor was observed in the Junctional group-containing olefin copolymer thus obtained. 
[0118] The functional group-containing olefin copolymer was analyzed. As a result, it was found that the content of 
the structural unit derived from ethylene was 56.1 mot%, the content of the structural unit derived from propylene was 

35 43.7 moi%, and the content of the structural unit derived from 5-methyi-5-carboxy-bicycio-[2.2.1]-2-heptene was 0.2 
mol%. 

[01 1 9] The intrinsic viscosity fa] was found to be 1 .7 dl/g as measured in decalin at 1 35"C, and the weight average 
molecular weight Mw be 19.6 x 10* in terms of polystyrene as measured by gel permeation chromatography and 
number average molecular weight Mn be 7.0 x 1 0 4 in terms of polystyrene. 

[0120] The glass transition temperature was -57.5*C as measured by means of a differential scanning calorimeter 
(DSC). 

[0121] The thus-obtained functional group-containing olefin copolymer was subjected to a pressing treatment at 
1 60»G for 1 0 minutes by an electric heat press and then analyzed. As a result, the content of the structural unit derived 
from 5-methyl-5-carboxy-bicyclo-[2.2.1]-2-heptene was found to be 0.2 mo!%. This value was the same as the value 
*s before the pressing treatment. It was hence confirmed that the copolymer has excellent durability. 

[0122] The functional group-containing olefin copolymer was subjected to a 90-degree peeling test to a polyester 
film in accordance with the testing method for peeling prescribed in JIS Z 0237. As a result, the peel strength was 
found t© be 0.8 nswton/2.5 cm. 

so <Exampie2> 

[0123] A functional group-contairang oleiin copolymer was obtained to an amount of 1 5.0 g in the same manner as 
in Example 1 except that Af (iso-C^HgJs was used in place of AyC^gJgCig in the masking treatment of 5-methyl- 
5-cafboxy~bicycio [2.2.1:] -2-bepterte. 
55 [0124| The functional group-containing olefin copolymer thus obtained was analyzed. As a result, it was found that 
the content of the structural unit derived from ethylene was 70.0 moJ%, the content of the structural unit derived from 
propylene was 29.7 mol%, and the content of the structural unit derived from 5-mef hyl-5-carboxy-bicyclo[2,2.1 ]-2-hep- 
tene was 0.3 mol%. 
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[0125] The intrinsic viscosity [t|] was found to be 1 .9 dl/g as measured in decaiin at 135*0, arid the weigh! average 
molecular weight Mw be 1 70,000 if! terms of polystyrene as measured by gel permeation chromatography and number 
average molecular weight Mn be 75,000 in terms of pofystyrene. 

[0120] The glass transition temperature was -S2.0*C as measured by means of a differentia! scanning calorimeter 
s (DSC) . 

[0127] The thus-obtained functions! group-containing olefin copolymer was subjected to a pressing treatment at 
1 60°C for 1 0 minutes by an electric heat press and then analyzed. As a result, the content of the structural unit derived 
from 5-mef byl-5-carboxy-bicycio-{2.2.1 ]-2-heptene was found to be 0.3 mol%. This value was the same as the value 
before the pressing treatment. It was hence confirmed that the copolymer has excellent durability. 
io [0128] The functional group containing olefin copolymer was subjected to a 90-tiegree peeling test to a polyester 
film in accordance with the testing method for peeling prescribed in JtS Z 0237. As a result the peel strength was 
found to be 1 .0 newton/2.5 em. 

<Example 3> 

[0129] Afunctional group-containing olefin copolymer was obtained in an amount of 18.7 g in the same manner as 
in Example 1 except that the amounts of 5-methyl-5-carboxy-bicyclo [2.2.1] -2-heptene and AyCgHg^Clg used in the 
masking treatment were changed from 2.5 mmo! to 10.0 mmol and from 2.5 mmo! to 10.0 mrnol, respectively, and 
VOCi 3 was used in place of VC14 as the polymerization catalyst. 
zo [01 30] The functional group-containing olefin copolymer thus obtained was analyzed. As a result, it was found that 
the content of the structural unit derived from ethylene was 56.B mol%, the content of the structural unit derived from 
propylene was 42.4 mol%, and the content of the structural unit derived from 5-mefhyi-5-carboxy-bicyelo[2.2.1]~2-nep- 
tene was 0.8 mol%. 

[0131] The intrinsic viscosity [tj] was found !o be 1 .2 dl/g as measured in decaiin at 135"C, and the weight average 
25 molecular weight Mw be 250,000 in terms of pofystyrene as measured by gel permeation chromatography and number 
average molecular weight Mn be 100,000 in terms of pofystyrene. 

[0132] The glass transition temperature was -53.3°G as measured by means of a differential scanning calorimeter 
(DSC). 

[0133] The thus-obtained functional group-containing olefin copolymer was subjected to a pressing treatment at 
30 1 m'C for 1 0 minutes by an electric heat press and then analyzed. As a result, the content of the structural unit derived 
from 5 methyl-5-carboxy bicycto {2 2. 1 ) -2 heptane was found to be 0.8 mol%. This value was the same as the vaiue 
before the pressing treatment, it was hence confirmed that the copolymer has excellent durability. 
[0134] The functional group-containing olefin copolymer was subjected to a 90-degree peeling test to a polyester 
film in accordance with the testing method for peeling prescribed in J IS Z 0237. As a result, the peel strength was 
35 found to be 0.8 newton/2.5 cm. 

Comparative Example 1> 

[0135] A functional group-containing olefin copolymer was obtained in an amount of 16.5 g in the same manner as 
40 in Example 1 except that 5-carboxy-bicvclc(2.2.1}-2-heptene was used in place of 5-methy!-5-earboxy-bteycio[2.2,1]- 

2-heptene. A strong odor was observed in the functional group-containing olefin copolymer thus obtained. 

[0138] The functional group-containing olefin copolymer was analyzed. As a result, it was found that the content of 

the structural unit derived from ethylene was 5B.B mol%, the content of the structural unit derived from propylene was 

43.0 moi%, and the content of the structural unit derived from 5-carboxy-bicydoi2.2.1 ]-2- heptene was 0-2 moP/i. 
*s [0137]; The intrinsic viscosity M was found to be 1 .3 dl/g as measured in decaiin at 135*C, and the weight average 

metecuter weight Mw be 20.1 x 10* in terms of polystyrene as measured by gel permeation chromatography and 

number average moiecuiar weight Mn be 7.2 k 10* in terms of polystyrene. 

[0138] The glass transition temperature was -57.0*C as measured by means of a differential scanning calorimeter 
{DSC). 

so [Q139I The thus-obtained functional group-containing oiefin copolymer was subjected to a pressing treatment at 
1 60»C for 1 0 misuses by an electric heat ssress ami then analyzed. As a result, the content of trie structural unit derived 
from S<a«t)oxy-bfcyde[2.2. 1 ]-2-heptene was found to be 0.1 rool%. The content was extremely towered compared 
with the value before the pressing treatment, it was hence confirmed that the copolymer has poor durability. 

55 Comparative Example 2> 

[0140] A functiona! group-containing olefin copolymer was produced in the same manner as in Exampie 1 except 
that a rnethyi ester of 5-carboxy-bicydo[2.2.1 ]-2-heptene was used in place of 5-methy!-5-carboxy-bscyclo[2.2.1 ]-2-hep- 
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tene, and neither masking treatment nor demasking treatment was conducted. As a result, the yield was 2.0 g. It was 
hence confirmed that the polymerization reaction is not allowed to sufficiently proceed. <Comparatiye Example 3> 
[0141} It was attempted to produce a functional group-coTa.'- ig c efin copolymer in the same manner as in Example 
1 except that a tert-buiy! ester of 5-carboxy-bicycio[2.2.1]-2-heptene was used in place of S-methyl-S-carboxy-bicycio 
[2.2.1 j-2-heptene, and neither masking treatment nor demasking treatment was conducted. However, no olefin copol- 
ymer was obtained at all It was hence confirmed thai the polymerization reaction is not allowed to proceed, 

Comparative Example 4> 

[0142] An olefin copolymer was produced in the same manner as in Example 1 except that neither 5-methy!-5-car- 
boxy-bicydo [2.2.1]-2-heptene norths masking agent was used. 

[0143] The olefin copolymer thus obtained was analyzed. As a result, it was found that the content of the structural 
unit derived from ethylene was 56.8 mol%, and She content of the structural unit derived from propylene was 43,2 mol%. 
[0144] The intrinsic viscosity fjjj was found to be 1 .75 dl/g as measured irt decalin at 135»C, and the glass transition 
temperature was -58.9*C as measured by means of a differential scanning calorimeter (DSC). 
[81 4S] The olefin copolymer was subjected to a 90-degree peeling test to a polyester film in accordance with the 
testing method for peeling prescribed in JIS Z 0237. As a result, the peel strength was found to be 0.1 newton/2.5 cm, 
and so the adhesion was extremely Sow compared wilh the olefin copolymers according to Examples 1 to 3. 

<Exampie 4> 

[0146] A 3-L separable flask purged with nitrogen was charged with 2,000 mL of hexane and 70 mL of a 0.5 mol/L 
hexane solution {containing 35 mmol of 5-methyl-5-camoxy-bicyclo[2.2.1]-2-heptene) of 5-me!hyl-5-carboxy-bicyclo 
[2.2.1 j-2-heptene. While stirring the resultant mixture, 42 mmol of Al (iso-C 4 H 9 )3 were then added to conduct a reaction, 
thereby masking the carboxyi group in 5-methyl S carboxy bicycio[2 2.1) 2 heptcne. 

[0147] To the resultant solution, were added 2 ml of 5-ethyiidene-2-norbomene. While continuously feeding a gas- 
eous mixture of ethylene (feed rate: 5 LAniny propylene (feed rate: 5 L/min)/hydrogen (feed rate: 0.5 brain) to the 
solution, 104 mL (containing 84 mmol of AI 2 (C 2 H S )3CI 3 ) of a 0.81 mol/L hexane solution of AI 2 (C 2 H 5 ) 3 CI 3 were then 
added as a catalyst, and 24 mL (containing 2.4 mmol of VCI 4 ) of a 0.1 0 mo!/L hexane solution of VCI 4 were added to 
conduct a copolymerization reaction of ethylene, propylene, 5-methyl -5 - cHrboxy-!>ic.yc!o[2.2.1 j-2-heptena and 5-ethyl- 
ldene-2-nQfbGrnene at 25®C for 10 minutes. 

[01 48] A buiaf »! solution containing 630 mmol of lactic acid was added to the resuftant copolymer solution, and the 
mixture was stirred for 10 minutes, thereby conducting a demasking treatment. 

P149] After 1 L of water was then added to the copolymer solution, and the mixture was stirred for 1 0 minutes, ooty 
the copolymer solution (organic layer) was recovered. The copolymer solution was washed 3 times with 1 L of water, 
thereby conducting a removal treatment of remaining tactic acid and the like. Thereafter, steam was blown into the 
copolymer solution, thereby conducting a removal treatment of the solvent, and solids were then separated from the 
resultant slurry and dried by means of a heated roll, thereby obtaining 30 g of a functional group-containing olefin 
copolymer as a sotfd. This functional group-containing olefin copolymer is referred to as •Copolymer (A1)*. No odor 
was observed in Copolymer (A1). 

[01 SO] Copolymer (A1) was analysed. As a result, it was found that the content of the structural unit derived from 
ethylene was 64.7 mof%, the content of the structural unit derived from propylene was 33 mol%, the content of the 
structures unit derived from 5-methyt-5 ■carbosty-b!cycio[2 2. 1 f 2-heptene was 1 .0 moi%, and the content of the structural 
unit derived from S-ethySkfsne-a-rscfborrtsne was 1 .3 mol%. 

[01 51] The intrinsic viscosity of Copolymer (A1 ) was found to be 1 .77 dl/g as measured in decalin at 135 8 C, and 
She weight average molecular weight Mw be 1 8.7 x 1 0* in terms of polystyrene as measured by gel permeation chro- 
matography and number average molecular weight Win be 8.2 x 10 4 in terms of polystyrene. 
[0152] The glass transition temperature was -47 4*C as measured by means of a differential scanning calorimeter 
(DSC). 

[0153] in a Labopfast mill having an internal volume of 250 mL, 100 parts by weight of Copolymer (A1 ), 50 parts by 
weight of carbon black (Seatos SO, trade name; product of Tokai Carbon Co., Ltd.), 1 part by weight of stearic acid 
and 1 0 parts by weight of process oil (Ftskol 2050N, trade name; product of Fujikosan Co. , Ltd.) were kneaded for 1 80 
seconds under conditions of SO rem and 58*C. 

[0154] To the kneaded product thus obtained, were added 5 parts by weight of zinc oxide, 1 part by weight of tetram- 
ethyRhiufam disulfide and 5 parts by weight of mercaptobertzothiazole as a vulcanization accelerator, and 0.5 parts by 
weight of sulfur, and the resuttani mixture was kneaded for 5 minutes by a 1 0 inch roll kept at 50°C, thereby obtaining 
a rubber composition. 
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<Exampies 5 to 7> 

[0155] Functional group-containing olefin copolyrners containing the respective structural units in their corresponding 
proportions shown in Table 1 were produced in the same manner as in Example 4 except that the amounts of 5-methyi- 
5-carboxy-bieyeio[2.2.1 ]-2-heptene and 5-ethy!idene-2-norbornene used were changed, and the feed rates of ethylene 
and propylene were changed. The functional group-containing olefin copolymers thus obtained are referred to as "Co- 
polymer (A2)", "Copolymer (A3)* and "Copolymer (A4)", respectively. 

[0156] With respect to Copolymers (A2) to (A4) thus obtained, the intrinsic viscosities [n] as measured in decaiin at 
135®C, the weight average molecular weights Mw in terms of polystyrene as measured by ge! permeation chromatog- 
raphy and number average molecular weights Mn in terms of polystyrene, and the glass transition temperatures as 
measured by means of a differential scanning calorimeter (DSC) are shown in Table 1 . 

[0157] Rubber compositions were obtained in the same manner as in Example 4 except that Copolymers (A2), (AS) 
and (A4) were separately used in place oi Copolymer (A1). 

<Example 8> 

[0158] A functional group-containing olefin copolymer containing the respective structural units in its corresponding 
proportions shown in Tabie 1 was produced in the same manner as in Example 4 except that no 5-ethyiidene-2-nor- 
bomene was used, the amount of 5-meihyl-5-earboxy-bicyclo[2.2. 1 ]-2-heptene used was changed, and the feed rates 
of ethylene and propylene were changed. The functional group-containing oiefin copolymer thus obtained is referred 
to as "Copolymer (AS)", 

[01 59] With respect to Copolymers (AS) thus obtained, the intrinsic viscosity as measured in decaiin at 135*0, 
the weight average molecular weight fviw in terms of polystyrene as measured by ge! permeation chromatography and 
number average molecular weight Mn in terms of polystyrene, and the giass transition temperature as measured by 
means of a differentia! scanning calorimeter (DSC) are shown in Tabie 1 . 

[01 SO] A rubber composition was obtained in the same manner as in Example 4 except thai 1 0 parts by weight of 
Copolymers (A5) and 30 parts by weight of an ethylene/ propylene/5-ethylidene-2-norbomene copolymer (hereinafter 
referred to as "Copolymer (C1)") were used in place of 100 parts by weight of Copolymer (A1). 
[0161] The above-described Copolymer (C1) is such that the structural unit derived from ethylene is 65.3 rnol%, the 
structural unit derived from propylene is 33.8 mo!%, the structural unit derived from S-etrsyiidene-S-norbomene is 1 .1 
moi%, the intrinsic viscosity [75] is 1 . 75 dl/g as measured in decaiin at 1 35 8 C, and the weight average molecular weights 
Mw is 1 7.3 x 1 G* irs terms of polystyrene as measured by gel permeation chromatography and number average mo- 
lecular weights Mn is 7.5 x 1 0 4 in terms of polystyrene. 

[01 82] A copolymer mixture was prepared by kneading 1 0 parts by weight of Copolymer (A5) and 90 parts by weight 
of Copolymer (C1), and the intrinsic viscosity fa] thereof was measured in decaiin at 135*C and found io be 1 .58 dl/g. 
The contents of the respective structural units in this copolymer mixture were as follows: 

[0163] The structural unit derived from ethylene being 64.9 mol%, the structural unit derived from propylene being 
34 mol%, the structural unit derived from 5-methyl-5-carboxy-bicycio[2.2.1 l-2-heptene being 0.1 mol%, and the struc- 
tural unit derived from 5-ethylidene-2-norbornene being 1 .0 mol%. 

Comparative Examples 5 to 7> 

[0164] Olefin copolymers having no functional group and containing the respective structural units in their corre- 
sponding proportions shown in Table 1 were produced in the same manner as in Example 4 except that no 5-inethyl- 
5-carboxy-bicycio[2.2.1 j-2-heptene was used, the amount of 5-ethylidene-2-norbornene used was changed, and the 
feed rates of ethylene and propylene were changed. The olefin copolymers thus obtained are referredto as "Copolymer 
(X1)", 'Copolymer (X2)" and "Copolymer (X3)", respectively. 

[01 65] With respect to Copolymers (X1 ) to (X3) thus obtained, the intrinsic viscosities [t?] as measured in decaiin at 
1 35 a C, the weight average molecular weights Mw in terms of polystyrene as measured by gel permeation chromatog- 
raphy and number average molecular weights Mn in terms of polystyrene, and the giass transition temperatures as 
measured by means of a differential scanning calorimeter (DSC) are shown in Table 1 . 

[01 66] Rubber compositions were obtained in the same manner as in Example 4 except that Copolymers (X1 ), (X2) 
and (X3) were separately used in place of Copolymer (A1). 
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[Evaluation of rubber composition] 

[0187] The respective rubber cornpositiofvs obtained in Examples 4 to 8 and Comparative Examples 5 to 7 were 
subjected to roli retention test, adhesion tost, tensile test, hardness test and DiN abrasion resistance test in accordance 
with the following respective methods. With respect to the tensile test, hardness test and DIN abrasion resistance test, 
each of the rubber compositions was heated for 30 minutes under a pressing pressure of 150 kgf/cm 2 by a hot press 
heated to 160°C to produceavuicani/ecirubbersheet. andspecirriesis were prepared from th is vulcanised rubber sheet. 

(1) Roli retention test: 

Each of the rubber compositions obtained in Examples 4 to 8 and Comparative Examples 5 to 7 was masticated 
by roll mills with roil nips adjusted to 1 mm, 2 mm and 3 mm to evaluate the rubber composition as to toll retention 
in accordance with the following 5-rartk standard: 

5. A rubber band is in completely close contact with the surface of one roll, and a bank smoothly rotates: 
4. A rubber band sometimes separates from the surface of one roll between a bank and the top of said one 
roll; 3. A rubber band frequently separates from the surface of one roll between a bank and the top of said 
one roli; 

2. A rubber band is not in sufficiently close contact with the surface of one roll and sags, and mastication 
cannot be conducted unless hands are ten! the rubber band; 

1 . A rubber band is in no close contact with the surface of one roll and sags, and mastication cannot be 
conducted unless hands are lent the rubber band. 

(2) Adhesion: 

Each of the rubber compositions obtained in Examples 4 to 8 and Comparative Examples 5 to 7 was subjected 
to an adhesion test to a metal plate in accordance with JIS K 83256 to investigate a peeled or broken state. The 
metal plate {cast iron) used in this test was prepared by coating the surface thereof with a primer {Mefalock P, 
trade name; product of Toyo Kagaku Kenkyusho), drying the primer for at least 30 minutes, further applying an 
adhesive (Metalock f-C, trade name; product of Toyo Kagaku Kenkyusho) to the surface thereof and drying the 
adhesive for at least 30 minutes. 

(3) Tensile test: 

The tensile strength T B (MPa) and elongation E B (%) at break of each sample in accordance with J IS K 6301 . 

(4) Hardness test: 

The durometer hardness of each sample was measured in accordance with JSS K 6253. 

(5) DIN abrasion resistance test: 

The abrasion resistance index of each sample was measured in accordance with JIS K 6264. 
The results are shown in Table 2. 
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[0168] As apparent from Taole 2, the rubber rcmpot > - < 3 ?o Examples 4 to 8 can provide elastomers 
excellent in processability such as roi! retention, and aiso in adhesion to metais, mechanical strength and abrasion 
resistance. 

[Q18S] On the other hand, elastomers from the rubber con pos lions according to Comparative Examples 5 £o 7 were 
inferior in processabiiity and adhesion to metals. 

[01 70] As described above, the olefin copolymers according to the present invention permit providing elastomers 
which are high in adhesion to and compatibility with other materials, coating property and printabiiity and excellent in 
durability, and give off no or little odor. 

[0171] The production process according to the present invention permits exactly producing an olefin copolymer 
which can provide an elastomer which is high in adhesion to and compatibility wish other materials, coating property 
and printabiiity and excellent In durability, and gives off no or littte odor. 

[0172] The rubber compositions according to the present Invention permit providing elastomers which are high in 
adhesion to and compatibility with other materials, coating property and printabiiity and excellent in durability, mechan- 
ical properties and abrasion resistance, and give off no or little odor. In addition, molded or formed rubber products 
cart be produced at low cost. 

[0173] The elastomers obtained according to the present invention are suitable for use as a materia! for automotive 
parts such as weatherstrips and sponges, mechanical parts, electronic parts, civil engineering and construction mate- 
rials, etc. 

[0174] Disclosed herein are an olefin copolymer having a functional group, which comprises a structural unit (a) 
derived from ethylene, a structural unit (b) derived from an « olefin having 3 to 12 carbon atoms, and a structural unit 
(c) represented by the following general formula {f } , and has an intrinsic viscosity [rf] of 0.1 to 10 dl/g as measured in 
decaiin at 135*G, a produclion process thereof and a rubber composition containing 1he copolymer; 



wherein X 1 and X 2 mean, independently of each other, a hydrogen atom, a hydrocarbon group or the following specific 
functional group, at least one of X* and X 2 is the specific functional group, R 1 and R 8 denote, independently of each 
other, a hydrogen atom or a hydrocarbon group having 1 to 10 carbon atoms, one of R 1 and R 2 . which is bonded to a 
carbon atom to which the specific functional group is bonded, is the hydrocarbon group having 1 to 10 carbon atoms, 
and n stands for an integer of 0 to 2; 

Specific functional group: 

[0175] a functional group selected from the group consisting of a hydroxy! group, a hydrocarbon group So which a 
hydroxy! group is bonded, a carboxyi group, a hydrocarbon group to which a carboxy! group is bonded, a primary or 
secondary amino group, a hydrocarbon group to which a primary or secondary amino group is bonded, a quaternary 
anunonium salt of a primary or secondary amino group and a hydrocarbon group to which a primary or secondary 
amino group is bonded, an amide group having at least orse active hydrogen atom bonded io a nitrogen atom, a hy- 
drocarbon group to which such a amide group is bonded, and an imide group composed of X 1 and X 2 and represented 
by -CO-NH-CO-. 



General formula (1) : 




R 
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Claims 



1. An olefin copolymer having a functional group, which comprises: 
a structural unit (a) derived from ethylene, 

a structural unit (b) derived from an a-olefin having 3 to 1 2 carbon atoms, and 
a structural unit (c) represented by the following general formula (1), 

and has an intrinsic viscosity [nj of 0,1 to 10 di/g as measured in decaiin at 135°C; 



wherein X 1 and X 2 mean, independently of each other, a hydrogen atom, a hydrocarbon group or the following 
specific functional group, at least one of X 1 and X 2 is the specific functional group, R 1 and H 2 denote, independently 
of each other, a hydrogen atom or a hydrocarbon group having 1 to 1 0 carbon atoms, one of W and R 2 , which is 
bonded to a carbon atom to which the specific functional group is bonded, is the hydrocarbon group having 1 to 
10 carbon atoms, and n stands for an integer of 0 to 2; 
Specific: Ua-cMomi cjroup 

a functiona! group selected from the group consisting of a hydroxy! group, a hydri>camon rjronp io which a 
hydroxy! group is bonded, a carboxyi group, a hydrocarbon group to which a carboxy! group is bonded, a primary 
or secondary amino group, a hydrocarbon group to which a primary or secondary amino group is bonded, a qua- 
ternary ammonium salt of a primary or secondary amino group and a hydrocarbon group to which a primary or 
secondary amino group is bonded, an amide group having at least one active hydrogen atom bonded to a nitrogen 
atom, a hydrocarbon group to which such a amide group is bonded, and an imide group composed of X 1 arid X 2 
and represented by -CO-NH-CO . 

2. An olefin copolymer having a functional group, which comprises: 

a structural unit (a) derived from ethylene, 

a structural unit (b) derived from an a-olefin having 3 to 1 2 carbon atoms, 

a structural unit (c) represented by the general formula (1) set forth in Claim 1 , and 

a structural unit (d) derived from a nonconjugaied diene, 

and has an intrinsic viscosity [t|] of 0.1 to 10 di/g as measured in decaiin at 135°C. 

3. The otafirt copoiymer having the functional group according to Claim 1 or 2, wherein the structural unit (a) derived 
from ethylene is 5 to 90 mor%, the structural anil (b) derived from the a-olefin having 3 to 1 2 carbon atoms is 5 to 
60 moi% t the structural vrJ (c) represented by the gerserai formula (1) is 0.01 to 30 mof%, and the structural unit 
(d) derived from a nortconjugated diene is 0 to 12 mof%. 

4. The ©feline y 1 < 3 ding * one of Claims 1 to 3, wherein the structural unit 
(c) represented bytes genera! formula (1) is such that o«y one of X 1 and X 2 in the general formula (1) is the 
specific: functional group, and R 1 or R 2 , which is bonded to me carbon atom to which the specific functional group 
is bonded, is a hydrocarbon growp having 1 or 2 carbon atorns. 



General formula (!) : 




R 



R 2 
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5. The olefin copolymer having the functional group according to any one of Claims 1 to 3, wherein the structural unit 
(c) represented by the generai formula (1) is such that only one of X 1 and X 2 in the general formula (1) is the 
specific functional group, and or R 2 , which is bonded to the carbon atom to which the specific functional group 
is bonded, is a hydrocarbon group having 1 or 2 carbon atoms, the other of X 1 and X 2 is a hydrogen atom, and 
R 1 or R 2 which is bonded to the carbon atom to which the hydrogen atom is bonded, is a hydrogen atom. 

6. The olefin copolymer having the functional group according to any one of Claims 1 to 3, wherein the glass transition 
temperature is -90 to 50*0. 

7. A process for producing an olefin copolymer having a functional group, which comprises the steps of: 

reacting a functional group-containing cycioolefin represented by ihe following generai formula (2) with an 
organometallic compound comprising a metal selected from metals of Groups 2, 12 and 13 of the periodic 
table, and 

polymerizing the resulting reaction product with ethylene, an a-o!efin having 3 to 12 carbon atoms and a 
nonconjugated diene optionally used in the presence of a catalyst composed of a transition metal compound 
and an organoaliiminum compound; 



wherein X 1 and X 2 mean, independently of each other, a hydrogen atom, a hydrocarbon group or the following 
specific functional group, at least one of X 1 and X 2 is the specific functional group, R 1 and R 2 denote, inde- 
pendently of each other, a hydrogen atom or a hydrocarbon group having 1 to 10 carbon atoms, one of R 1 
and R 2 which is bonded to a carbon atom to which the specific functional group is bonded, is the hydrocarbon 
group having 1 to 10 carbon atoms, and n stands for an integer of 0 to 2; 
Specific functional group: 

a functional group selected from the group consisting of a hydroxyl group, a hydrocarbon group to which 
a hydroxy! group is bonded, a carboxyl group, a hydrocarbon group to which a carboxy! group is bonded, a 
primary or secondary amino group, a hydrocarbon group to which a primary or secondary amino group is 
bonded, a quaternary ammonium salt of a primary or secondary amino group and a hydrocarbon group to 
which a primary or secondary amino group is bonded, an amide group having at least one active hydrogen 
atom bended to a nitrogen atom, a hydrocarbon group to which such a amide group is bonded, and an imide 
group composed of X 1 and X 2 and represented by -CO-NH-CO-. 

a The process according to Claim 7, wherein the organometallic compound comprising the metal selected from 
metals of Groups 2, 12 and 13 of the periodic table is an organoaiuminum compound, 

S. The process according to Claim 7 or 8, wherein the organometallic compound comprising the metal selected from 
metais of Groups 2, 1 2 and 1 3 of the periodic table is used in a proportion of at least 0,8 equivalents per equivalent 
of the functional group in the functional group-containing cycioolefin represented by the general formula (2). 

10. A rubber composition comprising: 

(A) the olefin copolymer having the functional group according any one of Claims 1 to 6, and 

(B) a vulcanizing agent and/or a crosslinking agent. 

1 1 . The rubber composition according to Claim 1 0, which comprises (C) an olefin copolymer having no functional group. 



General formula {2} : 
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1 2. The rubber composition according to Ciairo 1 1 , whet in (C) thi > of in copolymer having rso functional group is a 
copolymer comprising a structural unit derived from efhyiene ar.d a structure) unit derived from an cs-oiefin having 
3 to 12 carbon atoms, and/or a copolymer comprising a structural unit derived from ethylene, a structural unit 
derived from an ex-olefin having 3 to 12 carbon atoms and a structural unif derived from a nonconjugated done. 

13. The rubber composition according to Claim 11 or 12, wherein a ratio of {A} the cieftn copolymer having the functional 
group according io any one of Claims 1 !o 4 to (C) the olefin copolymer having no functional group is 1 :99 to 99: 
1 in terms of a weight ratio, integer of 0 to 2; 

Specific functional group: 

a functional group selected from the group consisting of a hydroxy! group, a Hydrocarbon group to which a 
hydro>ryl group is bonded, a carboxy! group, a hydrocarbon group to which a carboxyl group is bonded, a primary 
or secondary amino group, a hydrocarbon group to which a primary or secondary amino group is bonded, a qua- 
ternary ammonium salt of a primary or secondary amino group and a hydrocarbon group to which a primary or 
secondary amino group is bonded, an amide group having at least one active hydrogen atom bonded io a nitrogen 
atom, a hydrocarbon group to which such a amide group is bonded, and an imide group composed of X 1 and X 2 
and represented by -CO-NH-CO-. 
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